We have cloned a DNA that is complementary to the messenger RNA that encodes porcine pancreatic elastase 1 from pancreas using rat pancreatic elastase 1 cDNA as a probe. This complementary DNA contains the entire protein coding region of 798 nucleotides which encodes an elastase of 266 amino acids, and 22 and 136 nucleotides of the 5' and 3'-untranslated sequences. When this deduced amino acid sequence was compared with known amino acid sequences, a carboxy-terminal 240 amino acids long peptide was found to be identical with a mature form of porcine pancreatic elastase 1, except for two amino acids. The porcine enzyme contains the same number of amino acid residues as the rat enzyme, and their amino acid sequences are 85 % homologous. Taking the above findings together, we conclude that the cloned cDNA encodes a mature enzyme of 240 amino acids including a leader and activation peptide of 26 amino acids. We expressed the cloned porcine pancreatic elastase 1 cDNA in E. coli as a /ac-fused protein. The resulting fused protein showed enzymatic activity and immunoreactivity toward anti-elastase serum.
deduced its amino acid sequence. Comparison of the porcine and rat ELS-1 amino acid sequences reveled that the porcine enzyme has a similar prepro-structure to that of the rat enzyme. We also report the expression of the cloned porcine ELS-1 cDNA in E. coli, which resulted in biologically active ELS-1.
MATERIALS AND METHODS
Enzymes-The enzymes were purchased from the following sources and used as suggested by the respective suppliers: reverse transcriptase (AMV) from Midwest Bio-Products, Inc.; terminal deoxynucleotidyl transferase, DNA ligase (NAD+) and E. coli DNA polymerase I from Pharmacia; T4 polynucleotide kinase and E. coli DNA polymerase I Klenow fragment from Bethesda Research Laboratories; and T4 DNA ligase and restriction enzymes from Takara Shuzo, New England Biolabs, and Bethesda Research Laboratories, respectively. 125 I-Donkey anti-rabbit Ig was purchased from Amersham and used as a second antibody. Porcine pancreatic elastase (Type III, 70 units/mg) was purchased from Sigma and used for the preparation of antiserum.
Preparation of RNA-Total RNA was extracted from hog or rat (Wistar) pancreas as described by Chirgwin et al. (5) . Poly(A)+ RNA was isolated by oligo-(dT) cellulose column chromatography (6) .
Construction and Screening of a cDNA Library -For the isolation of rat ELS-1 cDNA, a cDNA library was constructed according to the method of Okayama and Berg (7) . E. coli RR1 was transformed as described by Bolivar and Backman (8) . Two thousand transformant colonies were subjected to screening through colony hybridization (9) . For this experiment, the chemically synthesized (10) 15-mer deoxyoligonucleotide, TGTAGGCAATG-ACAT, which is complementary to the known mRNA sequence of rat ELS-1 (2) and is located 3 nucleotides upstream of the stop codon, was labeled at its 5' end with [ 32 P]ATP (11) for use as a probe. Of 8 positive clones, the one which had the longest insert was sequenced and found to carry the nucleotide sequence of rat ELS-1 cDNA. For the isolation of porcine ELS-1 cDNA, a porcine pancreatic cDNA library was constructued as described above. The cDNA library was screened by means of hybridization with the 32 P-labeled Kpnl-Bglll fragment (695 bp long) of the cloned rat ELS-1 cDNA.
Construction of an Expression Plasmid-A 752-bp Aval fragment of the cloned porcine ELS-1 cDNA, of which both ends were filled in with the Klenow fragment of E. coli DNA polymerase I so as to be placed in frame with the lacZ gene, was ligated into the Hindi site of plasmid pUC13 (Pharmacia) with T4 DNA ligase. The entire ligation mixture was used to transform E. coli JM83 (12) which was then examined as to lactose utilization on an X-gal plate.
Preparation of Cell Extract-Cells were grown overnight at 37°C in 100 ml of LB medium containing 50/<g/ml of ampicillin. The cells were then harvested and suspended in 5 ml of lysis buffer (20 HIM Tris-HCI, pH 8.0). This suspension was lysed by sonication and then centrifuged. The supernatant (for the immunological assay) was brought to 45% saturation with ammonium sulfate. The precipitate was dissolved in the same buffer and subjected to dialysis. The sample was applied to a TSK GEL G3000SW column (high performance gel filtration). Chromatography was carried out with 0.1 M sodium phosphate buffer, pH 6.5, at a flow rate of 1.0 ml/min.
Immunological Assay-Rabbit antiserum toward porcine ELS-1 was raised in rabbits against standard elastase, which was highly purified (13) . It was shown to be monospecific for porcine ELS-1 on immunoblotting with standard elastase. The cell extracts, prepared as described above, were subjected to electrophoresis on 15% SDS polyacrylamide gels. Western blotting was performed through electrophoretic transfer to nitrocellulose filters. The filters were incubated with the antiserum for 3 h at 25°C, then washed and developed with 125 I-donkey anti-rabbit Ig, followed by autoradiography, as described (14) .
Enzymatic Assay-ELS-1 activity was measured essentially as described by Casttiilo et al. (15) , with the synthetic substrate, succinyl-AlaPro-Ala-MCA (Peptide Institute Inc.). One ml of the diluted samples was incubated with 1 ml of a 1 mM substrate solution in 20 mM Tris-HCI, pH 8.0. After incubation for 1.5 h at 37°C, the reactions were stopped by the addition of 1 ml of 17% acetic acid and then the absorbance was measured at 380 nm(Ex) and 460 nm(Em). Authentic por-cine pancreatic elastase (Sigma, Type III, 70 units/ mg) was used as a standard.
RESULTS AND DISCUSSION
Cloning of Porcine ELS-1-We first cloned rat ELS-1 cDNA and used the 695 bp Kpnl-Bglll fragment obtained to screen the porcine pancreas cDNA library. Thirteen positive clones were isolated on screening approx. 1 x 10 5 clones. All 13 clones were examined by means of restriction enzyme analysis, and were found to differ only in length. The clone, designated as pELl, with the longest cDNA insert of about 1 kb was chosen for further analysis.
DNA Sequence Analysis and the Deduced
Amino Acid Sequence-The nucleotide sequence for the porcine ELS-1 cDNA was determined according to the strategy shown in Fig. 1 , and is shown in Fig. 2 , together with the amino acid sequence deduced from it. There is a single large open reading frame in the cDNA sequence, which is exactly the same length, 798 bp, as the coding region of the rat ELS-1 cDNA. Although there is no in-frame termination codon in the 5'-untranslated region, we assume that the protein-coding region starts from ATG at -26, Met (see Fig. 2 ), due to the homology between the porcine and rat sequences. The 3'-untranslated region contains the polyadenylation signal, AATAAA, which is located 22 nucleotides upstream of the poly(A) tail. Northern blot hybridization analysis of mRNA from porcine pancreas showed a major hybridization-positive band of about 1 kb (see Fig.  3 ), indicating that the porcine ELS-1 cDNA sequence shown in Fig. 2 represents a nearly full length mRNA copy. In addition, there are several minor bands, which might be due to non-specific hybridization with the probe, because of sample overloading. In the protein coding region, the nucleotide sequence is 85% homologous to that of the rat ELS-1 cDNA. The 5'-untranslated regions are 67% homologous. The 3'-untranslated regions are 60% homologous, excluding the 151 bp insert, which is absent in the porcine sequence (see Fig. 2 ). The amino acid sequence deduced from the porcine ELS-1 cDNA reveals the primary structure of porcine ELS-1, which is composed of 266 amino acid residues with a calculated molecular weight of 28,688. The amino acid sequence is 85% conserved between hog and rat. This deduced amino acid sequence includes the same sequence as that of the active form porcine ELS-1 determined by Shotton and Hartley (5), except for two amino acids (Asp, 66->Asn; Asp, 178->Asn). In the rat sequence, the two amino acids in the corresponding positions are both Asp. A ten amino acid long peptide, -10 through -1 (see Fig. 2 ), is the activation peptide, as judged from the identity of its sequence with the known amino acid sequence determined by Lamy et al. (18) of an activation peptide. Comparison of the porcine and rat ELS-1 amino acid sequences revealed that amino acid residues -26 through -11 comprise the predicted prepeptide. This prepeptide is rich in hydrophobic amino acids (see Fig. 2 ), which would be consistent with the structure of a signal peptide (79). The activation peptide is presumed to be released from a major peptide (a mature form peptide) by proteolytic processing at a Arg(-1)-X bond, that is one of the most plausible sites of cleavage by trypsin.
The porcine ELS-1 is expected to be synthesized initially as a precursor with an amino terminal signal peptide, and proteolytic processing of the precursor occurs as the first step in secretion. In addition, the porcine ELS-1 is secreted as a proenzyme that require selective enzymatic cleavage of an amino terminal activation peptide for its conversion to the active enzyme (4) .
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Expression of Porcine ELS-1 cDNA in E. coli -To obtain definite proof that we had cloned the porcine pancreatic elastase 1, we attempted to express the cDNA sequence as a fused protein and to demonstrate that the corresponding fused protein has elastase activity. The 752 bp Aval fragment of porcine ELS-1 cDNA containing the entire mature protein-coding sequence of 240 amino acid residues and about 30 bp of the 3'-untranslated region was isolated from clone pELl and inserted into the Hindi site of plasmid pUC13. The resultant plasmid, pKB4, was expected to encode a fused protein of 253 amino acid residues consisting of 12 amino acid residues from the lacZ gene and polylinker, one residue from the activation peptide and 240 residues from the mature form peptide.
Both enzymatic and immunological properties of the fused protein were examined. E. coli JM83 cells transformed with the plasmid, pK.B4, along with pUC13-transformed JM83 cells were grown, and cell extracts were prepared to assay their immunoreactivity. They were analysed by Western blotting after SDS polyacrylamide gel electrophoresis with standard elastase. As shown in Fig. 4 , when probed with anti-elastase serum, the extract of pKB4-transformed JM83 cells gave a 26-kilodalton (kd) fused protein band, while the extract of pUC13-transformed JM83 cells showed no such band. Anti-elastase serum was capable of recognizing the fused protein. The apparent molecular weight of the fused protein, 26-kd, was about that expected. This suggests that both the fused protein and elastase are immunologically identical.
The enzymatic activity of the fused protein was examined using a preparation further purified by HPLC (see "MATERIALS AND METHODS"). The results of gel filtration are shown in Fig. 5 . The extract from pKB4-transformed JM83 cells gave a single active peak (Fig. 5 ), but no detectable activity was found in the extract from pUC13-transformed JM83 cells (data not shown). By means of immunological and enzymatic characterization of the resulting fused protein, it was It is interesting that 13 amino acid residues of the amino-terminal sequence of the fused protein do not interfere with elastase activity while the proenzyme which contains the activation peptide is inactive. This suggests that the activation peptide plays an important role in a proenzyme. Analysis of the organization of the porcine ELS-1 gene and mRNA help us to obtain a better understanding of events in the evolution of the family of pancreatic serine proteases and of the processes involved in the biosynthesis and maturation of the enzymes.
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